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EDL V&V is Challenging

« EDL is very complex

« Cannot completely "test as you fly, fly as you test”

e Strive to design EDL System and EDL V&V Program together
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EDL V&V Domains
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EDL V&YV is very complex and having domains allow us to decompose the problem
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EDL V&V Venues
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It is easier to manage decoupled venues
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EDL V&V Structure
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Requirements are not enough to V&V the EDL System. 5
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» Hierarchical method of enumerating all conditions and events that must
be successfully executed to ensure EDL success

« Activities required to satisfy the nodes of the success tree are a superset
of those that appear in a requirements-based V&V matrix

« All EDL requirements are mapped to Event Tree elements; not all
elements can be associated with requirements

i B2 B

eSegment Framework [ 66 [Final Approach Successful Burkhart/Chen
1003 sInitial Position and Velocity within Bounds 26 MDNAV Peer Review Burkhart FS-548
1004 sSpacecraft Attitude and Attitude Rates within Bounds 46 Cruise attitude Collins GNC-114
1005 «Flight System Healthy and in Correct Configuration 80 Flight System Health Greco/Rozek
1007 «DIMU Calibration Successful 17 GNC alignment error budgets San Martin/Essmiller
1008 «Spacecraft Clock as Expected Si acecraft clock verification Krasner I&T-288
1010 «Nav Filter Processes Data Correctly Nav Filter Study San Martin/Serrichio/Sell
1011 «DIMU Performs DIMU Cert San Martin FS-910, GNC-20
1012 «DIMU Phasing is Correct EDL FS VAG Karnfeld
1014 sSensor Alignments Knowledge within Bounds at Launch 17 GNC alignment error budgets San Martin/Essmill FS-285, 1146, 1147, 1153, 1151
1015 «DIMU-to-DSH Static deflection as Expected 17 GNC alignment error budgets San Martin/Essmill MECH-110, 116
1018 sAttitude Propagator Performs 29 MNav Filter Study San Martin/Serrichio/Sell
1019 sCruise Functionality Performs 93 Cruise Functionality Portock
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7 Entry Interface

Peak
Heating

Mission Design/ Navigation
* Monte [9]

¢ ACS error budget

+ HRS Vent disturbance

_ | SUFR
+« EBMD Separations test
» Offline/POST trajectory analysis [7]

Recontact Analysis

¢ Cruise Stage / CBMD
recontact analysis

¢ Cruise Stage breakup analysis

Aerothermal Environment

e CFD: LAURA/DPLR [10-11]

* Wind tunnel testing: T5,
LENS, Mach 6 [12]

¢ Entry body venting analysis

TPS Response

* High fidelity material response
model [13]

¢ Arcjet testing [14]

Aerodeformation
e CFD[15]
« NASTRAN

Aerodynamics
* CFD[16]

* Ballistic range testing [17]

Aero/RCS Interaction
* CFD[18]

¢ Wind tunnel testing [18]

Atmosphere

* Mesoscale modeling [19]

* MarsGRAM 2005 [19]

* Observational data [19]
Propulsion

* RCS tests [20]

* Feed system test [20]

* Slosh analysis

¢ RCS Plume Study
Mechanical

*  Modal tests [21]

* Modal analysis [21]

Deployment
* Parachute lid recontact testing

* Mortar ground fire tests [22]
* Mortar deployment tests [22]
Infiation

s FSl analysis [22]
Strength

Infiated Performance
¢ Flight data [22]
* Viking test data [24]

¢ Plume on parachute CFD

+ Viking BLDT, PEPP, SHAPE tests [23]

¢ Subsonic wind tunnel testing [22]

* Viking, MER wind tunnel data [25]

Near Field Separation

¢ Viking interaction
aerodynamics wind
tunnel data [26]

"
* Static and vibe loads ,5&* Parachute * Separation hardware tests
iy tests [21] T Deploy Far Field Separation
B - CFD
Peak Y4 T = Wind tunnel tests [26]
Deceleration Hypersonic 7\ ) .
Aeromaneuvering 6& Heatshield
; Separation
POST 2
N } M
DSENDS
ACS Attitude Control System > By
HRS Heat Rejection System
CBMD Cruise Balance Mass Devices 9.
EBMD Entry Balance Mass Devices ¥o) 1
RCS Reaction Control System 854,0
SUFR Straighten Up and Fly Right Maneuver S

Every segment has tests/analyses that are incorporated into the simulations 7
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Navigation Filter

* IMU/Radar/Nav filter
field test

¢ |IMU bench testing

* Radar bench testing

o
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Radar Data
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Subsonic Aero

Near Field

* Interaction aero: CFD

* Separation h/w test [27]
Far Field

* Aero properties: CFD

* Wind tunnel tests
Propulsion System

* MLE tests [20]

¢ Feed system test [20]
* Slosh analysis

Collection
— Backshell
= mm Separation

‘?ﬁ,\

4D 4 448

»
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Atmosphere

* Mesoscale modeling [19]
* MarsGRAM 2005 [19]

* Observational data [19]
Mechanical

* Modal tests [21]

* Modal analysis [21]

%t;\:g;en? ¢ Static and vibe loads tests
[21]
Mechanical

* Observational data [21]

Subsonic Aero

¢ Ground interaction

| CFD

* Plume modeling

* Wind tunnel tests

Propulsion System

e MLE tests [20,28]

¢ Feed system tests
(20]

\i -
Crane

Independent validation is achieved using another simulation or analysis, where applicable

* Slosh analysis

Mechanical

* BUD tests [29]

* Rover touchdown
tests

* Full Motion Drop Test
[29-30]
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Subsystem
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Flight activities leading up to EDL are executed in a short timeline, so the associated
personnel, processes, and tools need to be exercised
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EDL V&V Schedule

20 19 18 17 16 12 11 10 9 8 7 6 5 4 ! 2 1 -1 -2 -3 -4 -5 -6 -8 -9 -10
EDL V&V 12 sKHNIR: F viOF . 2~ sHAOR ) F vIIOAF ' A~ sEADOE @ f v AN
SCHEDULE CY 18 CY 19 CY 20 CY 21

M2020 Milestones Landing Site Workshop 4 | IORR |Launch Landing
EDL Milestones Landing Site Safety Assessment EDL SRB Check EDL Risk Revlew 1
| 1

FLIGHT SYSTEM
FSW Testing (Nominal)
FSW Testing (Off-Nominal)
ATLO System Tests

FLIGHT DYNAMICS
EFC Closure (Landing Site Discriminators)
EFC Closure
EFC Reviews

NOILONYLSNODIY

MISSION SYSTEM h
Thread Tests
Operational Readiness Tests

SUBSYSTEM 3
Hardware Delivery Reviews

There is more time to execute the Mars 2020 EDL V&V Program (compared to MSL),
but it is being executed with a smaller team.

1



All essential components of Mars 2020 EDL V&V will be completed before launch in 2020,

with additional flight software and operations testing extending until landing in 2021.



